This study calculated the efficiency of electrically heated windowpanes which may be used for improving thermal comfort near glazing. In recent years electrically heated windows with heat output controllable within the range of 50-600 W/m 2 have been became available as standard products. In a cold climate, a warm glazing surface is a unique possibility for thermal conditioning. The efficiency of heated windows in respect of electrical energy use was determined. The effects of surface and outdoor temperatures and U-value of the window on efficiency of heated window were analyzed. Efficiency of a common heated window with U-value of 1.1 W/m 2 K was about 78% at -10 ºC outdoor temperature. Highest efficiency value of 89% was calculated for window with U-value of 0.6 W/m 2 K. Efficiency was slightly dependent on outdoor air temperature and practically independent on inner surface temperature of window which effect was less than 1%. Efficiency was inversely proportional to U-value of the window.
INTRODUCTION
The efficiency of electrically heated window panes which are designed for improving thermal distribution in room is analyzed in this paper. In recent years electrically heated windows with heat output controllable within the range of 50…600 W/m 2 have been became available as standard products. They are used as comfort devices, i.e. they do not replace other heat sources. In a cold climate, a warm window surface is a unique possibility for thermal conditioning. Cold windows with poor U-value have always caused draft and asymmetrical radiation. Especially when glazing is high, even radiators on the floor cannot avoid draft.
The principle of heated window is very simple: electrical current is switched to selective layer of a common pane; no additional layers are used. Basically, the entire pane can be heated, even the glazing can be used as primary heat source. To achieve optimal use of energy and due to economical considerations, the pane can be divided into unheated and heated zones. When properly located, horizontal heated surfaces will avoid draft and asymmetrical radiation heat transfer caused by cold glass surface.
The objective of the study is to determine the efficiency of heated windows in respect of electrical energy use. As a heated window is a mixture of heating device and window, first, a relevant definition for efficiency is needed. When general equation for efficiency is derived previously measured results are compared to calculated efficiencies. The effect of surface and outdoor temperature and U-value of the window on efficiency of heated window is shown. The results may be utilized as some design principles for heated windows.
* Contact author email: jarek.kurnitski@hut.fi
Proceedings: Indoor Air 2002

DEFINITIONS OF U-VALUES AND EFFICIENCY
U-value is commonly used to describe conduction losses of building envelope parts, i.e. for wall structures without internal heat gains. In such walls heat flux is constant in every layer. In a heated window electrical heating power is switched to the selective layer of the pane. This means that heat fluxes in inner and outer panes are not the same and have commonly reverse directions. Thus, the U-value having physical meaning is to be defined based on heat flux from outer surface, as shown in Fig. 1 U on is dependent on heat output rate P. However, the definition of it (Eq. 1) is justified as it gives total heat loss through the window. There is no definition for the efficiency became established in use. It seems not relevant to use efficiency of a heating device for heated window. Efficiency Q in /P will have almost always a value less than 50%. As we are speaking about window with heating feature, we are basically interested on additional heat loss Q Add caused by heating
Unfortunately Q Add cannot be used as a general performance value because it is strongly dependent on heat output rate P. The more the window is heated the higher is the value of Q Add . Thus, there is no other general way than to define the efficiency in regard to heat output rate P. Eq. (3) states the efficiency as the proportion of electrical heat output P which is used to cover heat losses of the window and for heating of the room.
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The efficiency (Eq. 3) can be derived by comparing two different heating setups shown in Fig. 2 . These setups can also be used for experimental measuring of the efficiency. In Fig. 2 , heated window is combined with convective heating where heat is introduced directly into air cell. In first setup there is convective heating only and in the second setup, in addition, window is heated. One can state the efficiency as difference between convective heat terms needed to maintain the same indoor temperature in regard to electrical heat output P (Q off -Q on = P means η =1). 
Thus, Eqs. 3 and 4 are representations of the same efficiency. One can state directly the last form of Eq. 5 involving an additional heat loss of heated window: efficiency is equal to 1 minus the additional heat loss in regard to electrical heat output. Furthermore, defined efficiency has two important properties making possible to use it as general performance value describing energy performance of heated window in any conditions:
• Efficiency shows how many per cent of electrical power is used to cover heat losses of the window and for heating the room
• Efficiency is approximately the same for the same window type regardless of electrical power rate
CALCULATION PROCEDURE OF U-VALUES AND EFFICIENCY
Heat transfer process in a heated window is basically similar to heat transfer in a common window. Only difference in energy balance is an additional term of electrical power. Fig. 3 shows RC-network model of a common triple-glazing type window. where temperature T is a surface temperature for inner pane and an average temperature of other panes, h c is convective heat transfer coefficient on surfaces and in the space and h r is radiation heat transfer coefficient respectively. To solve Eq. 6 an iterative procedure is needed as heat transfer coefficient have nonlinear behavior. Radiation heat transfer coefficients Values of convective heat transfer coefficients on surfaces depend on indoor and outdoor boundary conditions. Consider a free convection on inner surface without any disturbance caused by indoor air flows and a constant value of overall heat transfer coefficient on outer surface. Convective heat transfer coefficient on inner surface for turbulent flow region (Incropera and De Witt, 1990) (Loveday D and Taki A, 1998) .
Correlation equation for convective heat transfer in the space between panes should apply for studied height and width ratio and Ra-number. Here was used equation by (Elsherbiny et al. 1982) which performance was shown in (Larsson et al. 1999 ) by U-value measurements of a krypton-filled window 
RESULTS
Consider a following window and boundary conditions:
• Double-or triple-glazing type window with 15 mm space between panes • Height of the panes 1.3 m • Low emission selective layer on the outside surface of the inner pane with emission factor ε = 0.05 and emission factor of other surfaces ε = 0.84
• Indoor air temperature 20 ºC and outdoor temperature within the range of -20 to +10 ºC
The choice of appropriate temperature of inner surface of inner pane T 1 (facing to the room) is illustrated in Table 1 (25…30 ºC surface temperature has given a best comfort in practice). The efficiency and U-values at varying outdoor temperature are shown in Fig. 4 for two common window types at 25 ºC inner surface temperature. The double-glazed window filled with krypton even shows slightly lower U-value at rating conditions (0 ºC outdoor temperature) relative to triple-glazed window with air between the panes. However, U-value of the double-glazed window strongly increases at lower outdoor temperatures and efficiency is lower respectively. To show the behavior of U on which is dependent on electrical heat output P, U on is shown for triple-glazed window also at inner surface temperature 20 ºC. The variation of efficiency is only about 2…3% when considering the outdoor temperature range -20…0 ºC. CONCLUSIONS 1) Efficiency of a common heated window with U-value of 1.1 W/m 2 K was about 78% at -10 ºC outdoor temperature. Highest efficiency value of 89% was calculated for window with U-value of 0.6 W/m 2 K. 2) Efficiency is slightly dependent on outdoor air temperature especially in the case of double-glazed window. Efficiency is practically independent on inner surface temperature of window which effect was less than 1%. Efficiency is inversely proportional to U-value of unheated window. 3) Comparison to measured results shows significant differences both between two different experiment and calculation results. Experimental results both reported in (Ihalainen, 1999) for similar triple-glazed window were in one measurement 92…93% and in another about 70%. Calculated results of 76…78% (showed in Fig. 4 ) are between these two experiments. This shows how difficult is to carry out enough accurate measurements and the obvious need to repeat the measurements in future.
